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© Soft magnetic stainless steel having good cold forgeabllity. 



© Soft magnetic stainless steel having good cold 
forgeability comprising, by weight, at most 0.015 % 
of C, at most 0.20 % of Si, at most 0.35 % of Mn, at 
most 0.010 % of S. 8 to 13 % of Cr, at most 0.020 
% of Al, at most 0.0070 % of O, at most 0.0100 % 
of N and the balance of Fe and inevitable impurities, 
with a proviso that C + N content is at most 0.020 
%. The stainless steel can be incorporated addition- 
ally at least one of 0.03 to 0.20 % of Ti, 0.002 to 
r-0.02 % of Ca, at most 0.30 % of Bi, at most 0.040 % 
^of Se. 0.002 % to 0.040 % of Te, 0.02 to 0.15 % of 
psZr, at most 2.5 % of Mo, at most 0.50 % of Cu, at 
lAmost 0.50 of Ni, at most 0.20 % of Nb and at most 
***0.20 % of V. The stainless steel is suitable as 
00 magnetic core materials for use in electronic fuel 
^ injection devices, electromagnetic valves, magnetic 
^sensors, etc. 
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SOFT MAGNETIC STAINLESS STEEL HAVING GOOD COLD FORGEABJUTY 



The present invention relates to a soft mag- 
netic steel material and, more specifically, it relates 
to a soft magnetic stainless steel having good cold 
forgeability together with good magnetic property, 
electric property, corrosion resistance and machin- 
ability which is suitable for material for use in 
electronic fuel injection devices, solenoid valves, 
magnetic sensors, etc 

Heretofore, 0.1 %C steels have been used in 
most of magnetic core materials for use in elec- 
tronic fuel injection devices, solenoid valves, mag- 
netic sensors, etc.. because 0.1 %C steels have 
soft magnetic property to some extent, as well as 
good cold forgeability that can be cold forged 
easily even into complicate shapes such as those 
of parts for the abovementioned application uses, 
and production cost and material cost are inexpen- 
sive. 

On the other hand, there has been demanded 
in recent years those steel materials having the 
following three characteristics together, that is, ca- 
pability of production in existent fabrication line 
used for 0.1 %C steels, that is, having forgeability 
as comparable with that of 0.1 %C steels, excellent 
corrosion resistance and, further, improved mag- 
netic response (compliance of the material to exter- 
nal magnetic fields) in view of the demand for 
further higher performance. However, these de- 
mands can be satisfied only to the following extent 
by the existent technics at present 

At first, 0.1 %C steels are provided with corro- 
sion resistance by applying Ni-P plating after cold 
forging. Although the materials have excellent cold 
forgeability (tensile strength 32 kgtfrnm 2 ), they in- 
volve a drawback, when incorporated as a part in a 
device and used, in that platings are defoliated to 
cause clogging in valves during operation of the 
device to which they are assembled. In addition, 
the materials have a drawback that the electrical 
resistance is as low as 15 uucm and the magnetic 
response is extremely poor. Further, referring to 
stainless steels. Fe-13CMS!-0.25AI steels devel- 
oped in the latter half of 1970*s have been used 
since ten years or so as the materials of excellent 
cold forgeability. Although the materials have ex- 
cellent corrosion resistance, high electric resistance 
and excellent response, the tensile strength is as 
high as 45 kgt/mm 2 and, accordingly, they can not 
be compared with 0.1 %C steels at all (tensile 
strength of 32 kgf/mm 2 and critical compressibility 
of 70 %). Accordingly, the materials can not be 
cold forged in the fabrication steps used for 0.1 
%C steels. Subsequently, although improvement 
have been tried for the cold forgeability and the 
electromagnetic properties of 13Cr-1SM).25AI 



steels, those materials having cold forgeability su- 
perior to 13Cr-1SM).25AI have not yet been devel- 
oped. In addition, since the material has fatigue 
strength at welded portion of as low as 25 kgf/cm 2 
s it can not satisfy the required quafity of that of 
greater than 100 kgf/cm 2 . 

A primary object of the present Invention is to 
provide soft magnetic stainless steel suitable to 
magnetic core materials for use in electronic fuel 

10 injection devices etc. 

Another object of the present invention is to 
provide soft magnetic stainless steel having ex- 
cellent cold forgeability such as tertsOe strength of 
less than 36 kgf/mm 2 and critical compressibility of 

is greater than 70 % required for the magnetic core 
materials as electronic fuel injection devices, sole- 
noid valves, magnetic sensors, etc.. 

A further object of the present invention is to 
provide soft magnetic stainless steel having ex- 

20 cellent cold forgeability, showing excellent electric 
resistance of higher than 40 uQcm. as well as 
excellent corrosion resistance, magnetic property, 
weldabilfty, macrri natality and cold forgeability. 
The soft magnetic stainless steel according to 

25 the present invention is based on the novel finding 
that has been found as a result of earnest studies 
made by the present inventors for the effects of 
' various kinds of alloying elements on * the cold 
forgeability, magnetic property, electric resistance 

30 and corrosion resistance of conventional soft mag- 
netic stainless steels which are to be described 
later. When it is intended to obtain cold forgeability 
as comparable with that of 0.1 %C steels by the 
conventional metallurgical method, martensite 

35 structure is formed within the range of the chemical 
composition of stainless steels. On the other hand, 
it has been found by the present invention that 
single ferrite phase stainless steel can be obtained 
by extremely decreasing the total sum of the car- 

40 bon content and the nitrogen content in the stain- 
less steels. In the single ferrite phase steel in which 
the total sum of the carbon content and the nitro- 
gen content is extremely decreased, cold forgeabil- 
ity much superior to that expected so far can be 

45 obtained by minimizing the amounts of Si, Al, S, O 
and like other elements each to a limit value, 
respectively, within the range necessary for the 
production of steel, thereby conducting purification 
of steel. Further, since the single ferrite phase can 

so be obtained in the steel by extremely reducing the 
total sum of the C content and the N content 
magnetic properties as comparable wfth those of 
other soft magnetic stainless steels can be ob- 
tained with no particular addition of Si, Al as in the 
conventional steels. Furthermore, by reducing the 
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A! content to at most 0.020 % along with the 
decrease for the each of the content of the ele- 
ments and the purifying treatment alumina forma- 
tion during welding can be suppressed to remark- 
ably improve the fatigue strength at the welded 
portion. 

The present invention provides soft magnetic 
stainless steel having excellent cold forgeability 
comprising, by weight at most 0.015 % of C, at 
most 020 % of St at most 0.35 % of Mn, at most 
0.010 % of S. 8 to 13 % of Cr. at most 0.020 % of 
Al, at most 0.0070 % of O, at most 0.0100 % of N. 
and the balance of Fe and inevitable impurities, 
with a proviso that C + N content is at most 0.020 
%. 

The present invention also provides soft mag- 
netic stainless steel having improved machi natality 
and excellent cold forgeability comprising, by 
weight at most 0.015 % of C, at most 0-20 % of 
Si, at most 0.35 % of Mn, 8 to 13 % of Cr, at most 
0.020 % of Al, at most 0.0070 % of O. at most 
0.0100 % of N, a member or members selected 
from the group consisting of 0.002 to 0.02 % of Ca, 
at most 0.30 % of Bi, at most 0.30 % of Pb, at 
most 0.040 % of S and at most 0.040 % of Se and 
the balance of Fe and inevitable impurities, with a 
proviso that C + N content is at most 0.02a % 
and, further, containing one or more of 0.002 to 
0.040 % of Te and 0.02 to 0.15 % of Zr in case 
where one or more of S. Se is contained. 

Further, the soft magnetic stainless steel for 
use in cold forging according to the present inven- 
tion can be improved with the magnetic properties 
and the cold forgeability by incorporating from 0.03 
to 020 % of Ti. as well as with the corrosion 
resistance by incorporating a member or members 
selected from the group consisting of at est 2.5 % 
of Mo, at most 0.50 % of Cu. at most 0.50 % of Ni, 
at most 020 % of Nb and at most 020 % of V. 

The grounds for limitation on the composition 
of the steel according to the present invention will 
now be explained below. 



C : at most 0.015% 

C is an element which impairs the cold for- 
geability due to solid solution reinforcement effect 
and adversely affects magnetic properties and. ac- 
cordingly, it is desirable to reduce the content to a 
value as low as possible in the present invention 
and the upper limit thereof is defined as 0.015 %. 
For further improving cold forgeability and mag- 
netic property, it is desirably to be at most 0.010 
%. The lower limit for C is defined as 0.003 %. 



Si : at most 020 % 



Si fe an element which impairs the cold for- 
geability due to the solid solution reinforcement 
effect Since cold forgeability is considered most 
important in the present invention, the upper limit 
s thereof is defined as 020 %, whereas the lower 
limit thereof is defined as 0.05 %. 



Mn : at most 0.35 % 

70 

Since Mn remarkably impairs the corrosion re- 
sistance, magnetic property and cold forgeability, it 
is desirably less than 0.10 %. In view of the prac- 
tical production, the upper limit thereof is defined 
rs as 0.35 %, while the lower limit thereof is defined 
as 0.15 %. 



S : at most 0.010 % 

20 

S is contained as an impurity in steels but 
since this is an element which impairs cold for- 
geability. The upper limit thereof is defined as 
0.010 %, while the lower limit thereof is defined as 

25 0.001 %. 



Cr:8-13% 

30 Cr is a fundamental element for improving cor- 
rosion resistance, electric resistance and magnetic 
property. Since such effects become insufficient; 
failing to obtain excellent corrosion resistance and 
electric resistance unless it is added in excess of 8 

35 %, the lower limit thereof is defined as 8 %. 
However, since it impairs magnetic property and 
cold forgeability if contained in excess of 13 % the 
upper limit thereof is defined as 13 %. 

40 

Al : at most 0.020 % 

Al is an element for reinforcement by solid- 
solubiiization, which impairs cold forgeability and 
45 weldability. Since it is necessary to be restricted to 
at most 0.020 % in order to obtain fatigue strength 
of 100 kgf/cm 2 at the welded portion, the upper 
limit thereof is defined as 0.020 %. The lower limit 
for Al is defined as 0.003 %. 



O : at most 0.0070 % 

Since O forms an invading type solid-solution 
55 to remarkably impair cold forgeability, the content 
of O is desirably as tow as possible. In view of the 
practical production, the upper limit th reof is de- 
fined as 0.007 %. while the lower limit thereof is 
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defined as 0.0030 %. 



N : at most 0.0100 % 

N is contained as an impurity in steels and, 
since it is effective for the improvement of cold 
forgeability and magnetic property by restricting 
the content to at most 0.0100 %. The upper limit 
thereof is defined as 0.0100 %, while the tower 
limit thereof is defined as 0.0030 %. 



C + N : at most 0.020 % 

Both of C and N are elements which remark- 
ably impair magnetic property and corrosion resis- 
tance and impair cold forgeability due to the solid 
solution reinforcement effect It is an object of the 
present invention to form an a -single ferrite phase 
with no addition of Si and Al to attain excellent cold 
forgeability with the tensile strength of less than 36 
kgfcmm 2 and the critical compressibility of more 
than 70 % by restricting the content of C + N to at 
most 0.020 %. Accordingly, it is necessary to re- 
duce the amount of C + N to a value as low as 
possible and the upper limit is defined as 0.020 %. 



Ti : 0.03 - 0.20 % 

Ti is an element which remarkably improves 
magnetic property such as the magnetic flux den- 
sity and the coercive force, as well as fixing C + N 
into fine carbon nitrides in case where the C + N 
content is with an extremely tow level of at most 
0.020 %, thereby remarkably improving the cold 
forgeability such as tensile strength and the critical 
compressibility. In this meaning, this is an impor- 
tant element in the present invention. For attaining 
such effect, it is necessary that Ti has to be 
incorporated at least with 0.03 % and, accordingly, 
the lower limit thereof is defined as 0.03 %* How- 
ever, since the effect is saturated even when Ti is 
incorprated in excess of 0.20 %. the upper limit 
thereof is defined as 0.20 %. 



S : at most 0.040 %. Se : at most 0.040 % 

S and Se are added for improving the machin- 
ability but since the addition thereof in a great 
amount impairs the cold forgeabifity, S is defined 
as 0.040 % for the upper limit and as 0.011 % for 
the lower limit while Se is defined as 0.040 % for 
the upper limit and as 0.005 % for the lower limit 



Pb : at most 030 %. Bi : at most 0.30 % 

Bi and Pb are elements which improve the 
machinabiTrty, but since the addition thereof in a 
5 great amount impairs cold forgeability, they are 
d fined as 0.30 % for the upper limit and as 0.05 
% for the lower limit, respectively. 



;o Ca : 0.002 - 0.02 % 

Ca is added for improving the machinabiTrty 
and it is necessary to add in excess of 0.002 % for 
obtaining the above-mentioned effect However, 
is since cold forgeability is impaired if it is added in 
excess of 0.02 % the upper limit thereof is defined 
as 0.02 %. 



20 Te : 0.002 -0.040 % 

Te has an effect of eliminating the undesired 
effect of S and Se on cold forgeability and it is 
necessary to incorporate Te in excess of 0.002 % 
25 in order to obtain the effect However, since the 
cold fbrgeabinty is rather impaired by the addition 
of a great amount the upper limit thereof is defined 
as 0.040 %. 

30 

Zt : 0.02 - 0.15 % 

Zr is an element which produces spherical 
MnS grains and improves cold forgeability and it 
35 has to be incorporated at least 0.02 %. However, 
since cold forgeability is Impaired on the contrary 
by the addition of a great amount, the upper limit 
thereof is defined as 0.15 %. 

40 

Mo : at most 2.5 %. Cu : at most 0.50 %, Ni : at 
most 0.50 %. Nb : at most 0.20 %, V : at most 0.20 
% 

45 Mo, Cu, Ni, Nb and V in are elements which 
improve corrosion resistance. However, since mag- 
netic property and cold forgeability are impaired 
when they are added in excess of 2.5 % for Mo, 
0.5 % for each of Cu and Ni and 020 % for each 

so of Nb and V, their upper limits are defined as 2.5 
% for Mo, 0.5 % for Cu and Ni, respectively, and 
020 % for Nb and V, respectively. 
The lower limits for the elements are defined as 
0.05 % for Mo, 0.10 % for Cu and Ni, respectively 

55 and 0.05 % for Nb and V, respectively. 

The feature of the present invention will be 
explained more specifically referring to examples in 
comparison with conventional steels and com par a- 
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tive steels. Table 1 shows the chemical composi- 
tion in these tested steels. 

In TaW 1, tested steels Nos. 1 - 29 are soft 
magnetic stainless steels according to the present 
invention. No. 30 is a comparative example of low s 
Cr content. No. 31 is a comparative example of 
high C, N, Si and Cr contents, No. 32 is a com- 
parative example of high Al content and Nos. 33 
and 34 are conventional steels. 

20 For the tested steels shown in Table 1. heat io 
treatment was applied by maintaining them at 900 
* C for 2 hours and then cooling at a rate of 100 
# Chr and then the tensile strength, critical com- 
pressibility, magnetic flux density, coercive force, 
corrosion resistance, specific resistance and ma- is 
chinabifity were measured on each example. 

The tensile strength was measured by using 
JIS No. 4 test specimens. The critical compres- 
sibility was determined by performing a compres- 
sion test and measuring the upsetting rate at a 50 20 
% cracking rate by using a notched test specimen 
of 14 mm diameter and 21 mm height, based on 
the cold upsetting performance test according to 
the standard (temporary standards) as provided by 
the Committee of Cold Forging of the Japanese 2s 
Society of Plastic Rolling. 
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Table 1 



Vo, 


Cheaical composition (rt$) 


c 


S i 


Mn 


s 


C r 


A 1 


o 


N 


C + N 


1 


0.004 


0.15 


0.21 


0.003 


10.23 


0.003 


0.0050 


0.007 


0.011 


2 


0.005 


0.05 


0.22 


0,004 


12.35 


0.005 


0.0060 


0.008 


0 013 

V. VX V 


3 


0.007 


0.08 


0.21 


0.005 


8.58 


0.007 


0 0055 

w . w www 


0 005 

V. WW 


0 012 

V. VX tm 


4 


0.007 


0.14 


0.18 


0.008 


11.65 


0.006 


0 0065 

V . WW 


0 006 

v. wu 


0 013 

V. VX w 


5 


0.008 


0.12 


0.20 


0.006 


9.35 


0.007 


0.0070 

W . V w ■ w 


0.004 


0.012 

V. VX t* 


6 


0.006 


0.11 


0.20 


0.005 


10.61 


0.009 


0.0060 

W . WW WW 


0*007 


0.013 

v. vx w 


7 


0.005 


0.06 


0.17 


0.004 


12.35 


0.009 


0.0050 

V. WW 


0.007 

V. w • 


0.012 


8 


0.004 


0.13 


0.21 


0.005 


8.67 


0.013 


0.0070 


0.010 


0.014 


9 


0.008 


0.05 


0.18 


0.035 


11.23 


0.008 


0 0060 

V . WW 


0 006 

V. Ww 


0 014 

V. Vx*t 


10 


0.007 


0.09 


0.20 


0.005 


11.65 


0 005 

V. www 


0 0060 

V. WW 


0 007 

V. W 9 


0 014 


11 


0.005 


0.06 


0.19 

V. Xw 


0.008 


9 33 

W» WW 


0 007 

V. vv / 


0 0050 

V. Wwv 


0 005- 

v. Ww 


0 010 

V. Vxv 


12 


0.007 


0.13 


0.17 


0.028 


12.36 


0.006 

V . wv 


0 0060 

V . WW 


0 007 


0 014 

v. Vx*t 


13 


0.005 


0 06 

v. w 


0 20 


0 005 

V * Ww 


10 64 

IVtvl 


0 007 


0 0070 


A AAA 


0 AAQ 

v. vv«7 


14 


0.006 


0.06 


0 21 


0 006 

V. WW 


9 55 

W« WW 


0 008 

V. VVV 


0 0060 

v. vvUv 


0 AAfi 


A 017 


15 


0.004 


0.09 


0.20 


0.008 


12 39 

X £»» ww 


0 005 

V. Ww 


0 0050 

V. Www 


0 005 

V.vvv 


0 00Q 


16 


0.003 


0.13 


0. 22 


0 015 


11 28 

XX ft M> 


VtViU 


0 00 RO 

V. VVUv 


0 OflR 

v. UvU 


0 00Q 

V» VVw 


17 


0.005 


0 08 


0 21 


0 006 


8 55 

W. WW 


0 008 

v . vwO 


A AA7A 

v.Uv/v 


0 00Q 




18 


0.006 


0 12 

V. X tm 


0 20 

V. £»V 


0 005 

vtUVv 


9 64 

W. W*t 


0 01? 

v. viO 


0 0050 
v. vvvv 


A 005 


A All 


19 


0.008 


0.09 


0 21 


0 008 

V. WO 


12 ?0 

X*. ww 


0 AAfi 

v. vvO 


0 AAKA 
v. vVOV 


A OAR 


A A1A 


20 


0.004 


0.12 


0 22 

V. 


0 005 

V. Ww 


11 68 

XX. WW 


0 005 

V. Ww 


0 0070 

V. WV/ V 


0 00Q 


A A11 


21 


0.005 


0. 13 


0.21 


0.004 


10 55 

XV. WW 


0 008 

V* Ww 


0 0050 

V* Wwv 


0 AAR 
V.vvv 


A A11 
V.l/ix 


22 


0.004 


0.08 


0.21 


0.006 


11.27 

XX, *•* 


0 005 

V. Ww 


0 0060 

V. WW WW 


0 AAQ 

"•www 


A A1? 


23 


0.007 


0.06 


0.18 


0.007 


8.56 


0 006 

v. ww 


0 0070 

V. W • V 


0 007 


A Aid 


24 


0.005 


0.08 


0.20 


0.004 


10.58 


0.005 


0.0060 

V . WW 


0 007 

V.W i 


0 012 


25 


0.008 


0.06 


0.22 


0.005 


9.66 


0.008 


0 0050 

V . V Vw V 


0 005 

V. Ww 


0 01? 

V » wXw 


26 


0.003 


0.13 


0.19 


0.004 


12.36 


0.007 


0 0060 

V . vwv 


0 005 

V. Ww 


0 008 

V. wo 


27 


0.005 


0.05 


0.21 


0 005 


10 64 

XV. w*s 


0 017 


0 0055 

V. WW WW 


A AAA 
v. WO 


A A1? 
v. 1/10 


28 


0.004 


0.14 


0.20 


0.005 


11.65 


0.008 


0.0070 


0.007 


0.011 


29 


0.006 


0.08 


0.22 


0.004 


12.33 


0.013 


0.0060 


0.006 


0.012 


30 


0.007 


0.16 


0.28 


0.005 


6.54 


0.018 


0.0080 


0.006 


0.013 


31 


0.020 


0.35 


0.27 


0.004 


13.20 


0.010 


0.0050 


0.020 


0.040 


32 


0.007 


0.18 


0.33 


0.007 


11.28 


0.050 


0.0060 


0.010 


0.017 


33 


0.080 


0.02 


0.30 


0.009 


0.02 


0.020 


0.0110 


0.020 


0.060 


34 


0.01 


0.95 


0.32 


0.010 


12.06 


0.240 


0.0090 


0.015 


0.030 
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Table 1 (cont'd) 





Cheaical composition (<rt2) 




to. 


Ti 


Ca 


B i 


P b 


S e 


T e 


Z r 


Mo 


c u 


XT • 


n D 


v 


1 


























A 

z 


























n 

0 


























4 


0.08 
























5 


0.15 
























6 




0.011 




0.25 


















7 








0.16 


0.032 
















8 






0.21 




















9 




O.OOf 






















10 






0.15 




















11 








0.18 


















1Z 


























13 










0.024 
















14 










o.oz 


O.OOS 














15 








0.10 


0.02C 




0.11 












16 










0.01S 




0.08 












17 
















1.23 










18 


















0.24 








* a 

19 




















0.37 






AA 

20 






















0.13 




21 
























A Aft 


22 
















0.84 




0.27 






23 
















2.12 








ft 1ft 


24 






















0.15 


A 11 


25 


0.12 




0.28 


0.13 


















26 


0.08 






0.10 


0.024 




0.05 












27 


0.13 
















0.43 


0.34 






28 


0.18 


0.014 




0.25 




0.021 




1.52 




0.18 




A 14 

v. A*t 


29 


A AC 

0.05 




A 10 

Q.lo 




A A1C 




A Ml 




1.30 


































31 


























32 


























33 


























34 
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For the magnetic property, a ring specimen of 
24 mm in outer diameter, 16 mm in inner diameter 
and 16 mm in thickness was prepared as a test 
specimen and the magnetic flux density and the 
coercive force were measured by using a DC type 5 
BH tracer. 

Referring to the corrosion resistance, saline 
spray test was conducted using an aqueous 5 % 
Nad solution to measure the rust forming rate and 
the evaluation was made as " ® " for less than 5 w 
% and "O" those from 5 to 25 % with respect to 
the rust forming rate. The specific resistance was 
measured according to the Wheatstone bridge 
method using a wire of 1.2 mm diameter x 500 
mm length as a test specimen. 75 

For the machirtabilrty, drilling test was con- 
ducted by using a test specimen of 10 mm in 
thickness at a rotational speed of 725 rpm, with 
drill SKH diameter of 5 mm and under a load of 4 
kg, and the time required for drilling was mea- 20 
sured. 

Table 2 shows the measured tensile strength 
(kgf/mm 2 ), critical compressibility (%), magnetic 
flux density (B20 (G)), coercive force (He (Oe)), 
corrosion resistance, specific resistance (uQcm), 25 
machinability (second) and fatigue strength at weld- 
ed portion (kgttan 2 ). 



8 



15 EP 0 343 557 A1 16 





1 

CO 
C 






o 


o 


O 


o 


o 


CO 


a> 


CO 


CO 




CO 


a> 


o 


CO 


10 


co 


o 






>% 
*J 


• 

o 


CM 


CM 




CM 


CM 
















1-1 








CM 




o 


•H 








































CO 


i— 1 


CO 






































ac 


•H 


















































































c 


8 










- 






























o 










































CO 

o 


C 

CD 




O 


© 


< 


O 


o 


O 




< 


o 


O 


O 


© 


O 


O 


® 


O 


O 




u» 


CO 


















































































o 


CO 








































o 


0) 

u 








































o 


CD 








































•*H 


U 








































<M 
•H 
U 


c 

to 




CO 


CD 




CO 




CD 




CO 




CO 


CM 






CM 






iH 




CO 
Q« 
CO 


813 


Q 






^< 






















^* 










© 


















































































CO 

> 


0) 

o 




CM 




10 


CO 


CO 


10 


CO 


CO 


o 




CO 






CD 


10 




CD 




O 


c 

CO 


o 


CO 




CO 


CM 


CM 


CO 




CO 






CO 




CO 


CO 




CO 


CO 






+1 








































co 


CO 








































o 


♦H 








































o 


CO 










































s 










































>» 




o 


o 


o 


o. 


O 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 




u 


•H 
CO 


ZD 


GO 


to 


GO 


10 




CM 


10 






10 




CM 


10 


CO 




1-1 


CO 






e 

<u 




t> 




O 


10 








o 


CO 


10 


Oi 






o> 




CO 


C-> 




CD 

c 


-o 


O 
CM 


CO 


CO 




CO 


CO 


CO 


CO 




CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 






bo 


K 






































C9 




CO 






































ac 
























































































































10 






us 


-o 


n 


ID 


10 


o 


o 


o 


10 


10 


10 


10 


o 


o 


o 


o 


10 


10 


o 


bfl 


c 


-o 


o § 




CO 


CO 


CO 


CO 


CM 


CM 


1— 1 


CM 




_ 

CO 


_ 

CO 


CO 


CO 








c2 






O 




































Ex* 


CO 


co 










































i 

•H 








































—1 


CO 








































CO 


CO 








































o 

_J 1 


<D 

u 






CO 


CO 


^* 


CD 


CO 






CO 


CM 




o 


CO 


10 


CO 


CO 








& 












o 






o 










l> 














o 










































o 


-O 












































































CM 




4} 

-H 


gth 


Q 
5 


o 


CO 


oo 




CO 




WJ 


WW 


tv 


<D 










i> 






»iH 


c 








































CO 

c 


0) 


40 


iH 




CO 


T-l 


a> 


CM 


co 


o 


»H 


CM 


o 




CM 




iH 




O 




•2 


CO 




CO 


CO 


CM 


CO 


CM 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CM 


CO 


CO 


CO 




















CD 




00 




o 




CM 


CO 




10 


CO 


c- 






■ 

o 




iH 


CN 


CO 




10 


t> 


CD 


1-1 




i-t 


iH 




i-( 










.ZL. 







































9 



17 EP 0 348 557 A1 





1 

c 






o 


o 


O 


O 


o 


O 


o 


to 


CO 


o 


to 


CO 


O 


o 


o 


o 


CO 




JC 




o 


CN 


cn 


CN 




CM 


CN 


CN 






CN 






CN 


CN 


CN 


CN 






u 




§ 






































<a 


— < 








































ac 




















































































c 


8 








































































© 










CO 

p 


C9 




© 


9 


o 


o 


® 


© 


o 


o 


© 


© 


© 


© 


X 


O 


X 


o 




u 


CO 








































Lt 


•H 








































r Q 


CO 








































O 


co 










































u 








































o 










































~i 


o 








































<fH 
•*H 


c 

CO 


8 

o 


>* 






CO 


lO 


o 




CN 


09 




co 






r-l 


f-t 


to 


LO 




O 
0} 


** 

CO 


a 


<cj* 




^* 


<cj* 


Kl* 




^< 












CO 


LO 


to 








a. 




•4 






































CO 


CO 








































CO 


















































































co 






CN 


to 


o 




03 




CO 


CO 




CO 


GO 


to 


LO 


CO 


co 


o 


o 




> 


8 

c 


o 


CO 






CO 


CO 


co 


CO 


co 


Til 


co 


CO 








CO 


CO 


iH 




•d 


CO 








































Lr 










































0) 

o 


CO 
•H 


o 


f— 1 




i-l 


f-l 


f-H 




r-i 


v-H 






*H 








iH 


CN 








CO 
CD 










































Li 










































>fc 










































4-> 
-H 




o 


o 


O 


o 


o 


o 


o 


o 


o 


o 


O 


o 


O 


o 


O 


o 


o 




o 


CO 
C 




0> 






CO 


CN 


03 


<c* 


o 


o 






«r 


o 


CO 


CO 


o 






■M 
CO 


■§ 


o 


CO 




10 


t> 


CO 


o 




CD 




t- 


to 




CO 


iH 


to 




o 




c 

00 






CO 


CO 


CO 


CO 


CO 




CO 


CO 


CO 


CO 


CO 


CO 


^« 


CO 


CO 


to 


00 




CO 


3 


0 


















































































<H 
















































































<D 


-c 




o 


LO 


to 


o 


to 


to 


to 


o 


o 


to 


o 


to 


to 


o 


o 


o 


to 


tigu 


reng 






f-l 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 




CO 




o 






o 

fH 


CN 


CO 












































CO 












































CO 










































1 










































CO 


s 






































s 


CO 
CO 






CM 


CO 




CN 


CO 




^< 




CO 


CN 


f-l 


to 


CN 


CN 


o 


to 






u 






f 


t> 




















c+ 


CO 












& 








































Li 


o 










































o 


-Q 
















































































a> 


gth 




♦H 


CN 


O) 


o 


«— i 


co 


LO 




o 


CO 


0D 


GO 


o 


o 




CN 


09 






c 








































co 
c 


CO 
Lt 




iH 


CO 


r-t 




CO 




iH 


o 


tH 


CN 


CN 


CO 


o 


0) 


CO 


*H 






•2 


4-> 

CO 


w 


00 


CO 


CO 


00 


CO 


CO 


CO 


co 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 








• 




CO 


GO 


o 




CN 


CO 




to 


CO 




co 


O) 


o 


fH 


CN 


CO 








o 

2. 






tH 


CM 


CS) 


CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 


CO 


CO 


CO 


CO 


CO 



10 



19 



EP 0 348 557 A1 



20 



As can be seen from Table 2, the comparative 
example No. 30 of low Cr content is poor in lectric 
resistance and in corrosion resistance. The com- 
parative example No. 31 of high C. N, Si and C 
contents are poor in tensile strength, poor in critical 5 
compressibility and thereof inferior in cold for- 
geabifity. and the comparative example No. 32 of 
high Al content is inferior in fatigue strength at 
welded portion. 

On the other hand, although the comparative w 
steel No. 33 corresponding to pure iron shows 
good cold forgeabifity, it is poor in corrosion resis- 
tance and the conventional steel No. 34 corre- 
sponding to 13Cr -1SI -025AI has a high tensile 
strength, poor critical compressibility and poor criti- is 
cal strength at welded portion. 

On the contrary, Nos. 1 - 29 as steels accord- 
ing to the present invention show excellent cold 
forgeability having tensile strength of less than 35 
kgf/mm 2 and critical compressibility of greater than 20 
70 % as well as they show excellent weldability 
having fatigue strength at welded portion of greater 
than 110 kgf/cm 2 . show high electric resistance and 
corrosion resistance, as well as they are satisfac- 
tory also in view of the magnetic property, by 25 
which the effects of the present invention can be 
confirmed. 

As has been described aBove specifically, the 
soft magnetic stainless steels for use in cold forg- 
ing according to the present invention are remark- 30 
ably improved with cold forgeability while maintain- 
ing the excellent electric resistance, the magnetic 
property and the corrosion resistance as they are 
obtained by reducing the amount of Si and Al, and 
reducing solid solution reinforcing element such as 35 
C, N and O to a value as low as possible. 
In addition, the machinability is improved without 
impairing the cold forgeability by adding, in com- 
bination, S, Se, Pb, Te, Zr and Ti as required. The 
present invention provides corrosion resistant soft 40 
magnetic steel suitable to magnetic core parts pre- 
pared by the cold forging such as for pulse-ac- 
tuated type electronic fuel injection devices, the 
electromagnetic valves, etc. and have highly prac- 
tical usefulness. 45 



Claims 

1. Soft magnetic stainless steel having good so 
cold forgeabifity comprising, by weight at most 
0.015 % of C, at most 0.20 % of Si, at most 0.35 
% of Mn, at most 0.010 % of S. 8 to 13 % of Cr, at 
most 0.020 % of Al, at most 0.0070 % of O, at 
most 0.0100 % of N and the balance of Fe and 55 
inevitable impurities, with a proviso that C + N 
content is at most 0.020 %. 



2. The soft magnetic stainless steel as claimed 
in Claim 1 additionally including, by weight 0.03 - 
020 % of Ti. 

3. The soft magnetic stainless steel as claimed 
in Claim 1 additionally including, by weight a 
member or members selected from the group con- 
sisting of at most 2.5 % of Mo, at most 0.50 % of 
Cu. at most 0.50 % of Ni, at most 020 % of Nb 
and at most 020 % of V. 

4. The soft magnetic stainless steel as claimed 
in Claim 3 additionally inducting, by weight 0.03 - 
020 %7L 

5. Soft magnetic stainless steel having good 
cold forgeability comprising, by weight, at most 
0.015 % of C, at most 020 % of Si. at most 035 
% of Mn, 8 to 13 % of Cr, at most 0.020 % of Al, 
at most 0.0070 % of O. at most 0.0100 % of N. a 
member or members selected from the group con- 
sisting of 0.002 to 0.02 % of Ca, at most 0.30 % of 
Bi t at most 0.30 % of Pb. at most 0.040 % of S, at 
most 0.040 % of Se, and a member or members 
selected from the group consisting of 0.002 to 
0.040 % of Te and 0.02 to 0.15 % of Zr where one 
or more of S and Se is contained, and the balance 
of Fe and inevitable impurities, with a proviso that 
C + N content is at most 0.020 %. 

6. The soft magnetic stainless steel as claimed 
in Claim 5 additionally including, by weight 0.03 - 
020 % of Ti. 

7. The soft- magnetic stainless steel as claimed 
in Claim 6 additionally including, by weight, a 
member or members selected from the group con- 
sisting of at most 2.5 % of Mo, at most 0.50 % of 
Cu, at most 0.50 % of Ni. at most 020 % of Nb 
and at most 020 % of V. 

a The soft magnetic stainless steel as claimed 
in any of Claims 1 to 7, wherein as far as any of 
the following elements is present the lower limit 
thereof determined by weight is: 
C = 0.003 
Si = 0.05 
Mn = 0.15 
S = 0.001 
Al = 0.003 
O = 0.0030 
N = 0.0030 
Se = 0.005 
Pb = 0.05 
Bi = 0.05 
Mo = 0.05 
Cu = 0.10 
Ni = 0.10 
Nb = 0.05 
V = 0.05 • 
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